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ABSTRACT 
The Middle to Late Miocene intraplate alkaline volcanism of W Bohemia is associated with the uplift of the NE flank of the Cheb-Domazlice 
Graben. Two coexisting oogenetic volcanic series have been recognised: (i) weakly alkaline series basanite - trachybasalt - (basaltic) 
trachyandesite - trachyte - rhyolite (15.9-11.4 Ma) and (ii) strongly alkaline series olivine nephelinite - tephrite (16.5-8.3 Ma). The 
chemistry of the minerals characteristically reflects the differentiation development of the above rock series. Early crystallization in the mafic 
rocks is manifested by olivine phenocrysts (Fo66„76), melilite, Ti-magnetite and (Ti,Fe3+)-diopside to fassaite; in the intermediate rocks by 
diopside; and in the felsic rocks by (Mn,Ti)-magnetite, diopside, and high-temperature K-oligoclase (phenocryst cores). Continuing to late 
crystallisation in mafic to intermediate rocks is represented by kaersutite, nepheline (at T <700"C; also occurs with melilite in ijolite 
pegmatoidal segregations) and labradorite to andcsine, with K-andesine to K-oligoclase rims in transitional rocks. In the felsic compositions, 
ongoing crystallisation is characterised by Mn-magnesioriebeckite, Mn-winchite and Mg-biotite; feldspars are prevalently anorthoclase 
(perthite), which occasionally mantles K-oligoclase and is succeeded by Na-sanidine (matrix or rare rims to anorthoclase phenocrysts). 
Feldspars and quartz in the matrix of the felsic rocks terminate crystallization. Late magmatic minerals are analcime, replacing plagioclase 
and nepheline, carbonates and barite in the mafic rocks. Mn-oxyhydroxide, nontronite, rare sulphur and organic matter reflect crystallization 
in the postmagmatic stage. 
ABBREVIATIONS USED IN THE TEXT: 
C D G - Cheb-Domazl ice Graben 
W A S - weakly alkaline series associated with the Cheb-
Domazl ice Graben 
SAS - strongly alkaline series associated with the Cheb-
Domazl ice Graben 
INTRODUCTION 
The Cenozoic alkaline volcanism of the Bohemian Massif 
is an integral part of the Central European Volcanic 
Province, which extends f rom France to Germany, Czech 
Republic and Poland (Wimmenauer , 1974). It is a surface 
manifestation of a large, sheet-like region of up welling 
found in the upper mantle f rom the eastern Atlantic Ocean to 
central Europe and the western Mediterranean (sensu 
Hoernle et al., 1995). 
Contrasting associations of weakly alkaline (silica 
undersaturated to oversaturated) and strongly alkaline 
(undersaturated) magmatic series are known f rom many 
continental intraplate volcanic provinces (Wilson et al., 
1995). Alkaline magmas may fol low simultaneously either a 
silica saturated to oversaturated differentiation trend 
(rhyolites, Q-trachytes), or an undersaturated one (phonolite), 
reflecting the individual differences in chemistry of the 
primary magma (Foland et al., 1993). However , assimilation-
fractional crystallisation processes, centred in the lower-crust 
magma chamber, play the decisive role in the development of 
both series, but especially of W A S (Wilson et al., 1995). 
Similar alkaline rocks series are known f rom Siebengebirge 
(Vieten et al., 1988), Westerwald (Schreiber et al., 1999), 
Hocheifel (Huckenholz and Biichel, 1988) and in particular 
f rom Cantal, Massif Central (Downes, 1989; Wilson et al., 
1995) within the Cenozoic European Volcanic Province. The 
Euganean Magmat i c Complex in the hinterland of the 
Alpine Orogen also reveals geochemical similarit ies in 
particular in felsic members of the rock series (Milani et al., 
1999). 
GEOLOGICAL SETTING 
Cenozoic volcanism in W Bohemia is associated with the 
uplifted northeastern f lank of the young C D G ( N N W - S S E 
striking, 150 km long and 5-10 km wide) formed by the 
Tepelska vrchovina Highland and Slavkovsky les Mts . T h e 
E N E - W S W trending Ohre Graben occurring to the north is 
limited by the CDG. By convention (Wohnig, 1904), the 
Strela river valley def ines the boundary between the 
volcanics of the Tepelska vrchovina Highland and those of 
the Doupovske hory Mts. in the Ohre Rift . 
From the early beginning of the 20 th century geologists 
were intrigued by W Bohemian rocks of exceptional 
petrographical composit ion ("andesitic character" of Wohnig 
,1904), some of them within the Tertiary Volcanic 
Subprovince of the Bohemian Massif . Shrbeny (1979) noted 
"silica higher-saturated" types. Subsequently, Ulrych et al. 
(1999) identified two contrasting rock groups, a weakly 
alkaline series (WAS) and a strongly alkaline series (SAS). 
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WEAKLY ALKALINE SERIES: 
A Rhyolite 
O Trachyte 
• (Basaltic) Trachyandesite 
V Trachybasalt 
(} Basanite 
STRONGLY ALKALINE SERIES: 
• Trachybasalt 
• Tephrite 
# Olivine nephelinite 
• Mellite - bearing olivine nephelinite 
Fig. 1. Geological sketch of the NE flank of the Cheb-Domazl ice Graben with 
marked out occurrences of the Tertiary volcanics and sampling 
Tertiary volcanic rocks of both 
series are concentrated in the Teplá 
Crystalline Complex; the W A S is 
associated with the unit exclusively. 
They occur rarely also in the 
Mariánské Lázné Metabasite Complex 
(e.g., Podhorni vrch Hill near 
Mariánské Lázné) and the Slavkovsky 
les Crystall ine Units (e.g., Bukóvá Hill 
near Horni Slavkov). Geochemical 
distribution of the young volcanics 
within the SE flank of the C D G lacks 
obvious zonation (Fig. 1). The 
undifferentiated products (e.g., olivine 
nephelinite to basanite of Podhorni 
vrch, Polom and Lysina Hills) are 
above all spatially associated with 
faults belonging to the Mariánské 
Lázné Fault Zone (Ulrych et al., 
2000a). Nevertheless, the most 
primitive rocks of melilite-bearing 
olivine nephelinite composit ion are 
present only in the area of Cesky 
Chloumek (16.5 Ma - Wilson et al., 
1994). These volcanic rocks can be 
associated with some younger N E - S W 
trending faults (Litomérice Deep Fault 
Zone) that spatially coincide with the 
Variscan major thrust of the Mariánské 
Lázné Metabasi te Complex over the 
Saxothuringian para-autochthonous 
domain (Kachlik, 1993). The melilite-
bearing volcanics are commonly 
characteristic of the main fault zones 
limiting the Ohre Rif t , in W Bohemia 
region mostly associated with the 
Krusné hory Fault Zone (Kopecky, 
1978; Ulrych et al., 1999; Ulrych et al., 
in press a). However , rare older 
volcanic products (29.5 Ma) also occur 
in the area of the NE flank of the C D G 
(leucite basanite f rom Polikno - Ulrych 
et al. in press b). 
The differentiated products of the 
W A S (concentrated in the Teplá, 
Touzim and Manétín areas) are 
generally characteristic of the outer 
parts of the CDG. The rare trachytic 
occurrences as Spiéák, Sténsky vrch 
hills and "Mordloch" have been 
described by Wohnig (1904), 
Berounsky vrch Hill and 
reclassification of Sténsky vrch Hill 
trachyte as rhyolite by Pivec et al. (in 
press), Dobrá Voda and Kojsovice 
localities (trachyte accompanied by 
rhyolite) by Vrána (2000). 
Spiéák Hill is a trachytic extrusive 
bulbous dome. T h e nearby Sténsky 
vrch Hill can be interpreted as a 
laccolith with a gneissic roof 
preserved (Ulrych et al., 1991). 
Basalt ic t rachyandesi tes and 
trachybasal ts form variable groups of 
f lows (typically developed at 
Doubravicky vrch Hill). Zbras lavsky 
vrch Hill consists of two lava f lows 
and a feeding channel filled by 
agglutinate, giving an asymmetr ic 
" f l a g - f o r m " volcanic structure 
(Fediuk, 1995). A horseshoe-shaped 
group of hills is formed by 
Trebounsky vrch Hill, which 
represents a relict of feeder channel 
fi l l ing, and the Branisovsky vrch Hill 
lava f low. The Okrouhle Hradistg Hill 
is a relict of a large f low(s) . Vlci hora 
Hill is a large composi te volcano 
(Ulrych, 1986; Ulrych et al., 2000c) . 
Volcanic rocks of the SAS are more 
abundant in comparison to the W A S 
forming mostly smaller intrusions such 
as stocks and diatremes (for 
comparat ive overview see Fig. 1). A 
major locality is the large polyphase 
volcano Podhorni vrch (Cajz, 1992; 
Ulrych et al., 2000c). The melilite-
bearing olivine nephelinites f rom 
Chloumecky kopec Hill are relicts of a 
volcanic edif ice with preserved rim of 
Upper Eocene Stare Sedlo Formation. 
Chlumska hora Hill is the largest relict 
of an olivine nephelinite f low (4 by 1.2 
km) occurring together with other 
characteristic "table mountains" , e.g., 
Vladar Hill south of the formal 
boundary (see above) of the 
Doupovske hory Mts. Pekelsky vrch 
Hill NeCtiny is a relict of a composi te 
volcano with products of trachybasalt-
tephrite composit ion. 
SAMPLING AND ANALYTICAL 
METHODS 
Thirty one representative rock 
samples were used for the geochemical 
(Ulrych et al., in press b) and the 
present mineralogical study. The 
sampling covers the elevated block of 
the C D G (Fig. 1). Sampling sites are 
presented together with their 
geological characteristics, petrography 
and modal mineralogy of the rocks in 
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Table 1. Rock samples were prepared for the study by use of 
common methods described, e.g. in Ulrych et al. 2000c and 
Ulrych et al. in press b). 
K-Ar isotope measurements were taken in the Institute of 
Nuclear Research of the Hungarian AS, Debrecen. An Ar 
extraction and its measurement were made on the mass 
spectrometer by the method of isotope dilution 38Ar 
according to procedure described by Balogh (1985) and Odin 
et al. (1982). 
Rock-forming minerals were analysed in the Institute of 
Geology, AS CR, Prague with a JXA 50A electron 
microprobe with spectrometer E D A X PV 9400, using an 
accelerating voltage of 20 kV, beam current of 1.5 10"9 A, 
beam diameter of 2 pim and counting t ime of 120 s per 
analysis (analyst A. Langrovâ). Standards employed are 
natural mineral (olivine, kaersutite, jadeite, diopside, leucite, 
apatite, barite) and synthetic phases (S i0 2 , T i 0 2 , F e 2 0 3 , 
C r 2 0 3 , MgO) and the Z A F correction method was used. 
AGE RELATIONS OF VOLCANIC SERIES 
The new K-Ar data and a review of the published data 
(Wilson et al., 1994; Ulrych et al., in press a, b and Pivec et al. 
Table 1. Geological and petrological characterist ic of the representat ive rocks of the weakly and strongly alkaline series 
Locality Sample 
No. 
Root name Sub-root Normative Mineral composit ion Country Structure texture Volcanic 
in TAS* name characteristi rock form 
classific. c (xenoliths) 
W E A K L Y A L K A L I N E SERIES 
Stënsky vrch 202 
Hill 
rhyolite Q-, Ns- anorthoclase gneiss holocrystalline dome 
normative quartz porphyritic (laccolith?) 
magnesioriebeckite with trachytic 
matrix 
Spicâk Hill 180 trachyte high K- Q- anorthoclase, sanidine, gneiss holocrystalline dome 
type normative oligoclase, quartz, porphyritic 
winschite, biotite, Ti- with trachytic 






trachyte high K- Q- sanidine, anorthoclase amphibolite holocrystalline fine- dome 
type normative diopside-hedenbergite- porphyritic with 





trachy- latite Ne-, 01- andesine, anorthoclase mica schist holocrystalline lava f low 
andesite normative diopside-augite series porphyritic with 





basaltic sho- Ne-, 01- bytownite, PermoCarboni holocrystalline lava f low 
trachy- shonite normative anorthoclase diopside- ferous pilotaxitic, 






trachybasalt hawaiite Ne-, 01- andesine, sanidine, gneiss and holocrystalline f ine lava f low 
normative kaersutite, diopside, PermoCarboni porphyritic with 
Ti-magnetite, titanite, ferous pilotaxitic matrix 
apatite, carbonate sediments "sonnenbrand" 
Prachometyl l Z-13 basanite Ne-, (01-) ferrisalite-ferrifassaite, mica schist porphyritic with intrusion 
normative labradorite, (andesine), holocrystalline (partly 




V l c i h o r a P - l 
Hill, 
basanite - Ne-, 01- ferrisalite-ferrifassaite, phyllite to porphyritic in complex 
analcimized normative kaersutite, Ti- mica schist holocrystalline volcano 
magnetite,apatite matrix, magacrysts: 
kaersutite, diopside, 
olivine 
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Table I. continued 
Locality Sample 
No. 
Root name Sub-root Normative Mineral composition Country Structure texture Volcanic 
in TAS* name characteristi rock form 
classific. c (xenoliths) 
STRONGLY ALKALINE SERIES 
Vinice Hill Z-22 trachybasalt hawaiite Ne-, 01- kaersutite, ferrisalite, phyllite to holocrystalline fine intrusion 
normative phenocrysts, mica schist porphyritic 
labradorite-andesine, 
K-oligoclasse, 
ferrisalite in matrix 
Pekelsky vrch Z-24 
Hill 
tephriete Ne-, (01-) ferrisalite-ferrifassaite, mica schist fine porphyritic small 
normative phenocrysts, holocrystalline volcano 
labradorite, K-andesine fluidal matrix 




tephrite Ne-, 01- (olivine), ferrifassaite, phyllite to mica holocrystalline fine-differentiated 




Polom in Z-15 
Mariânské 
Lâznë 
olivine Ne-, 01- olivine, ferrifassaite, granite xenoliths: porphyritic with intrusion 
(contam.) normative labradorite, serp. granite with holocrystalline (partly 
olivine, Ti-magnetite, glassy rims, matrix brecciated) 
apatite pyroxenite 
LysinaHill Z-14 olivine Ne-, 01- olivine, ferrifassaite, granite porphyritic with intrusion 
nephelinite( normative nepheline, Ti- xenoliths: holocrystalline 
contam.) magnetite,apatite granite matrix 
Cesky Z-16 
Chloumek 
melilite- Ne-, 01- olivine, ferrifassaite, Miocene holocrystalline dyke-like 
bearing normative nepheline, melilite, Ti- sediments and microporphyritic intrusion 
olivine (melilite) magnetite granite, xenoliths: 
nephelinite wehrlite? 
in press) are presented in Table 2A, B together with chemical 
analyses of the rocks. Based upon this data and the 
distribution scheme of Cenozoic volcanism in the Bohemian 
Massif (Ulrych et al., 1999), two coexisting volcanic series 
of Middle to Late Miocene age associated with the NE flank 
of the CDG were recognized (Fig. 2): 
(i) Weakly alkaline series - WAS (15.9-11.4 Ma), cf. Pivec et 
al. (in press); 
(ii) Strongly alkaline series - SAS (16.5-8.3 Ma) developed 
to a limited degree only. 
The ultimate development of the volcanism of the NE 
flank of the CDG was at about 12 Ma. However, the onset 
of the volcanism (16-17 Ma) is characteristic of the more 
distal regions of the CDG. This activity of the CDG NE 
flank provides a link between the Oligocene-Miocene 
strongly alkaline series of the Western Ohre Rift (24-16 
Ma, average 22 Ma) (Ulrych et al., in press a) and the 
Pliocene to Quaternary (0.43-0.11 Ma) primitive alkaline 
volcanics occurring at the intersection of the OR and CDG 
structures in the vicinity of Cheb (Wilson et al., 1994; 
Wagner et al., 1998). From K-Ar data of Wilson et al. 
(1994) and Ulrych et al. (in press a) on basanitic rocks 
(Hory in Karlovy Vary -15.5 Ma and Horni Rotava in the 
Krusne hory Mts. - 14.8 Ma) it follows that the Middle 
Miocene volcanism in W Bohemia was not restricted to the 
CDG area only. 
The age-related Group of Late Miocene Intrusives (13-9 





Fig. 2. K-Ar age distribution of the rocks of the 
strongly alkaline series associated with the Cheb 
Graben. For data see Table 2a, b. Vertical axis 




J Rock-forming minerals of alkaline volcanic series, Cheb-Domazlice Graben 5 
the Ceske stredohori Mts. Area. It was described from a block 
of coal-bearing basinal Ohre Rift sediments in the Bilina-Most 
area (Cajz et al., 1999). Products of a similar final episode (13 
Ma) of the volcanic cycle are known from many areas of the 
CEVP such as Heldburger Gangschar, Rhön, Hessian Basin, 
Vogelsberg and Westerwald (11-6 Ma, Lippolt 1983). 
The recurrence of volcanism and changes in its chemical 
characteristics coincide with tectonism (Downes, 1996), 
causing principal changes in tectonic settings and character of 
magmas from calc-alkaline to alkaline in the Carpathians. This 
change reflects Late Miocene E-W compression in the Alpine 
Orogeny linked to entry of continental crust into the 
subduction zone. Volcanism of the CDG NE flank thus 
parallels the development of the graben structure, as revealed 
by the minimal Middle Miocene (?) relict of a sedimentary fill 
in the Lazany-Vl£i hora Hill area (Zartner, 1939) preserved 
below the underlying basanite flow (11.7 Ma - Wilson et al., 
1994). 
Table 2A. Chemical analyses of rocks of the weakly alkaline series 
Sample No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
202 ZC-30B ZC-30A ZC-20A 180 186 203 251 251a 255a 256 255 Z-13 P-3 P- l P-19 
Rock type RY RY TR TR TR TR TR TA TA TA BTA TB BA BA BA BA 
Si02(wt.%) 70,18 74,45 65,66 65,39 65,77 62,91 62,90 53,46 55,17 55,57 51,83 45,24 42,24 42,91 43,81 41,43 
T i 0 2 0,03 0,08 0,24 0,40 0,31 0,55 0,30 1,67 1,41 1,76 1,68 2,68 2,46 3,37 3,11 3,90 
A1203 15,12 13,76 17,98 17,82 17,57 18,20 19,14 18,22 17,70 17,75 18,83 16,33 12,64 11,99 12,49 11,27 
Fe 2 0 3 1,23 1,29 1,51 1,43 1,93 1,08 2,99 4,64 3,28 5,10 5,29 6,21 5,14 5,12 4,59 5,02 
FeO 0,08 0,05 0,07 0,13 0,08 0,14 0,10 1,92 3,00 1,56 2,18 4,50 5,99 5,88 6,56 7,21 
MnO 0,04 0,02 0,05 0,06 0,24 0,12 0,10 0,18 0,19 0,17 0,22 0,21 0,22 0,18 0,20 0,22 
MgO 0,05 0,16 0,06 0,10 0,14 0,06 0,12 2,36 1,82 1,63 2,02 4,22 11,19 11,11 9,60 9,25 
CaO 0,41 0,20 0,80 1,25 0,76 2,13 1,03 5,63 5,60 6,09 6,81 9,73 11,54 13,97 13,30 14,61 
N a 2 0 6,60 3,06 7,39 6,79 6,27 7,40 6,49 5,15 5,02 4,98 4,85 3,79 3,85 2,39 3,16 2,98 
K 2 0 4,48 4,91 5,92 6,00 5,56 4,91 5,55 3,74 4,09 3,50 3,02 1,47 1,41 1,70 1,77 1,74 
P 2 O 5 0,03 0,09 0,03 0,06 0,07 0,10 0,04 0,55 0,43 0,50 0,62 0,79 0,82 0,57 0,69 0,75 
H 2 0 + 1,17 1,20 0,44 0,30 0,42 1,24 0,67 1,28 1,26 0,86 1,11 2,01 2,02 0,59 0,29 1,32 
H20" 0,04 0,22 0,12 0,09 0,32 0,34 0,63 0,82 0,40 0,28 0,96 1,43 0,52 0,21 0,27 0,22 
F 0,03 0,06 0,04 0,06 0,06 0,03 0,04 0,11 0,07 0,02 0,09 0,12 
CI 0,01 0,02 0,02 0,11 0,13 0,01 
co2 0,19 0,03 <0.01 0,05 0,40 0,44 <0.10 0,05 0,01 0,02 0,04 0,91 0,03 0,13 0,07 0,20 
99,69 99,58 100,31 99,93 99,92 99,67 100,10 99,89 99,45 99,79 99,68 99,65 100,07 100,12 99,91 100,12 
0 = 2 F -0,01 -0,03 -0,02 -0,03 -0,03 -0,01 -0,02 -0,05 -0,03 -0,01 -0,04 -0,05 
0=2C1 -0,02 -0,03 -0,05 
Total 99,67 99,55 100,29 99,90 99,89 99,66 100,08 99,82 99,42 99,78 99,61 99,55 100,07 100,12 9 9 , 9 1 100,12 
R b (ppm) 436 282 153 213 191 133 162 110 90 102 83 61 49 39 40 39 
Cs 6,5 6,2 2,8 2,6 2,2 1,5 1,40 1,9 1,3 0,9 0,87 0,78 0,94 0,57 
Sr 126 128 1270 480 1338 1189 1040 1287 1069 1002 728 877 941 
Ba 420 215 143 564 434 1546 1242 1455 1290 1451 1258 906 828 487 580 788 
Ga 34 35 28 25 18 17 14 16 14 
As 6 6 11 . 4 5 4 3 2 3,1 
Sc 0,3 5,6 1,6 1,2 1,4 6,7 0,9 6,3 6,9 7,9 6,2 16 23 34 17 33 
Y 35 35 36 25 40 34 34 39 31 21 22 26 21 
La 84 10 156 101 132 171 131 144 160 140 121 95 114 121 137 113 
Ce 115 21 216 155 220 152 186 • 251 241 218 228 176 177 180 211 171 
Nd 16,0 10,0 40,0 37,0 71,0 14,0 54,0 102,0 99,0 100,8 106,0 87,0 78,3 79,0 84,0 75,1 
Sm 2,8 2,2 2,9 4,3 9,2 4,4 5,9 14,3 14,7 15,3 15,6 13,7 11,4 13,3 16,9 13,9 
Eu 0,3 0,2 1,0 1,2 1,9 1,5 1,6 4,2 3,8 3,6 4,6 4,2 3,4 3,4 4,4 3,7 
Gd 2,7 6,2 4,1 5,0 12,3 10,2 9,4 12,5 12,1 13,8 10,9 12,1 11,6 
Tb 0,47 0,40 0,50 0,50 0,95 0,71 0,59 0,85 1,43 1,36 1,60 1,40 1,06 1,44 1,58 1,22 
Yb 3,7 3,6 3,3 2,8 3,7 3,1 2,8 2,9 3,9 3,9 3,4 2,6 2,19 3,01 4,50 3,00 
Lu 0,51 0,43 0,48 0,41 0,58 0,45 0,47 0,51 0,38 0,44 0,58 0,45 0,33 0,33 0,41 0,38 
Th 72,3 9,0 33,0 33,0 26,3 21,4 27,6 15,6 14,1 15,9 14,0 10,2 13,2 10,0 12,0 13,0 
U 5,4 7,0 7,1 6,3 7,8 5,1 3,4 4,0 4,5 6,6 3,2 2,7 3,2 2,1 1,9 1,0 
Zr 380 517 661 626 460 505 363 512 322 252 243 288 299 
Hf 14,5 2,9 11,7 13,2 12,8 14,6 14,9 • -12,4 11,8 10,5 11,5 9,2 6,8 9,9 9,4 8,9 
V •15 198 301 310 330 
Nb 139 160 133 126 ' " 122 154 123 149 116 89 70 85 117 
Ta 8,7 10,2 9,1 8,8 10,5 10,1 7,7 9,2 6,8 5,4 6,1 7,1 7,6 
Cr 7 12 10 4 - 11 26 21 16 15 219 175 230 258 
Co 0,5 3,7 0,5 1,1 0,6 1,2 1,0 ' 5,7 11 14 3,6 5,0 51 54 45 41 
Ni 5 5 5 5' 6 10 17 7 13 237 157 120 99 
Cu 5 5 5 0,2 . 37 17 29 11 21 155 87 150 
Zn 115 56 72 46 63 200 98 . 137 95 143 195 129 128 70 90 95 
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Table 2A. continued 
Sample No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 , 
202 ZC-30B ZC-30A ZC-20A 180 186 203 251 251a 255a 256 255 Z-13 P-3 P- l P-19 
Rock type RY RY TR TR TR TR TR TA TA TA BTA TB BA BA BA BA 
K/Rb 85,28 144,51321,15233,80241,61306,41284,35 282,20377,19284,80302,00200,02238,84 361,79367,28370,31 
Rb/Sr 3,46 1,49 0,10 0,34 0,08 0,08 0,10 0,06 0,06 0,05 0,05 0,05 0,04 
Sr/Ba 0,30 0,29 0,82 0,39 0,92 0,92 0,72 1,02 1,18 1,21 1,49 1,51 1,19 
Zr/Nb 2,73 3,23 4,97 4,97 3,77 3,28 2,95 3,44 2,78 2,83 3,47 3,39 2,56 
Y/Nb 0,25 0,22 0,27 0,20 0,33 0,22 0,28 0,26 0,27 0,24 0,31 0,31 0,18 
La/Nb 0,60 0,83 1,29 1,04 1,18 1,04 1,14 0,81 0,82 1,29 1,73 1,62 0,96 
Th/U 13,40 1,29 4,65 5,24 3,37 4,20 8,12 3,90 3,13 2,41 4,38 3,78 4,13 4,76 6,32 13,00 
Zr/Hf 26,20 40,39 45,27 42,01 37,10 42,80 34,57 44,52 35,00 37,06 24,55 30,64 33,60 
Nb/Ta 15,98 15,69 14,62 14,32 11,62 15,25 15,97 16,20 17,06 16,48 11,48 11,97 15,39 
SREE 225,48 47,80 420,21 302,16445,53 351,26 587,36 532,06 534,51492,71493,28 392,45 402,27 412,49 472,36 392,65 
(La/Yb)N 16,28 1,99 33,91 25,87 25,59 39,57 33,56 35,62 29,45 25,67 25,53 26,21 37,47 28,86 21,89 26,97 
Eu/Eu* 0,33 0,41 1,87 1,41 0,73 1,06 0,88 0,94 0,90 0,85 0,97 0,98 0,83 0,84 0,89 0,85. 
#Mg 8,12 21,70 8,09 12,89 13,91 10,17 8,27 44,81 39,07 35,73 37,90 46,73 68,85 68,96 65,32 62,32 
Gd/Gd* 0,13 0,00 0,00 0,00 0,16 0,15 0,15 0,28 0,24 0,24 0,31 0,39 0,44 0,34 0,32 0 ,38 ' 
Age (Ma) 12,4 12,5 11.9 12,1 11,4 12,9 12.8 11.7* 15.9*' 
1-202 rhyolite, StSnsky vrch Hill near Tepla, AQ 
2-ZC30B rhyolite, Kojsovice (Vrana 2000), B 
3-ZC30A trachyte, Kojsovice (Vrana 2000), B 
4-ZC20A trachyte, Dobrd Voda (Vrana 2000), B 
5-180 trachyte, Spi£ak Hill near Tepla, Q 
6-186 trachyte, Prachometsky v. Hill near Tepid, AQ 
7-203 trachyte, Berounsky v. Hill near Hermanov, B 
8-251 trachyandesite, Treboufisky v. Hill near Tepla, AQ 
9-25 la trachyandesite, Branisovsky v. Hill near Tepla 
Shrbeny 1979), AQ 
Explanations: Q - active quarry, AQ - abandoned quarry, NO - natural outcrop, B - boulders 
Table 2B. Chemical analyses of rocks of the strongly alkaline series 
10-255a trachyandesite, Zbraslavsky v. Hill near ManStin 
(Shrbeny 1979), AQ 
11-256 basaltic trachyandesite, Doubravicky v. Hill near 
ManStin, AQ ' 
12-255 trachybasalt?, Zbraslavsky vrch Hill near ManStin, AQ 
13-Z13 basanite, Prachomety II near Tepla, AQ 
14-P3 basanite, Okrouhle HradistS Hill near 
Konstantinovy LaznS, AQ 
15-P1 basanite, Vl£i hora Hill near Cernosin, AQ 
16-P19 basanite, Holy v. Hill near Ratibor, Q 
Sample No. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Z-20 Z-22 Z-23 Z-24 Z-19 P-2 P-4 Z-26 Z-15 Z-14 226 M- l M-2 P-16 Z-16 
Rock type TB TB TB TE TE TE TE TE ON ON ON ON ON MON MON 
SiO, (wt.%) 47,32 45,66 45,89 44,91 45,55 40,27 41,59 44,98 43,67 43,98 40,99 39,58 40,60 40,90 39,19 
T i 0 2 2,55 2,89 2,86 2,85 3,07 3,91 3,66 1,99 3,51 2,10 4,18 1,98 1,95 2,20 2,70 
AI2O, 16,14 15,80 15,28 15,83 15,20 13,65 14,79 12,04 13,87 12,21 13,76 10,20 10,87 11,60 11,39 
F e 2 0 , 4,80 6,12 4,77 4,99 4,93 4,80 5,17 2,48 5,62 4,18 7,51 6,39 4,34 4,08 3,99 
FeO 5,65 5,25 6,45 6,45 6,14 8,12 8,93 8,05 5,40 6,33 7,56 5,85 6,83 7,10 7,99 
MnO 0,22 0,23 0,23 0,23 0,21 0,24 0,25 0,17 0,18 0,17 0,23 0,22 0,21 0,19 0,20 
MgO 4,00 4,34 5,41 5,41 6,11 7,90 6,25 12,46 6,98 13,02 6,42 15,02 14,52 12,50 12,49 
CaO 9,81 9,93 10,73 10,73 11,05 12,39 12,02 11,22 11,80 11,33 11,24 12,45 12,13 13,59 15,81 
N a 2 0 4,24 4,23 3,59 3,59 3,65 3,49 3,97 2,62 3,69 3,33 3,75 3,93 3,64 2,74 3,00 
K 2 0 1,90 1,13 2,21 2,21 2,19 2,22 0,87 1,31 0,72 0,94 1,89 1,33 0,97 1,10 J,11 
P2O5 1,00 1,08 0,94 0,94 0,74 0,92 0,90 0,60 0,51 0,52 0,94 0,97 0,88 0,82 0,88 
H 2 0 + 2,06 1,73 1,01 1,01 0,95 0,50 1,09 1,69 2,23 1,69 0,80 1,23 1,78 2,64 1,12 
H20" 0,21 0,61 0,34 0,34 0,35 0,02 0,20 0,14 0,79 0,26 0,20 0,82 0,51 0,33 0,31 
CO, 0,07 0,02 0,04 0,04 0,07 0,49 0,37 0,07 0,02 0,13 0,03 0,08 0,28 0,07 0,03 
Total 99.97 99.02 99.75 99.53 100.21 98.92 100.06 99.82 98.99 100.19 99.50 100.05 99.51 99.86 100.21 
Rb 52 53 50 46 51 55 65 32 70 52 47 31 27 52 37 
Cs 0,79 0,86 0,73 1,10 0,71 0,80 0,41 0,5 1,70 1,90 0,57 0,42 0,44 3,30 3,30 
Sr 1046 979 858 967 829 1088 1190 594 895 600 1254 988 836 816 1151 
Ba 814 787 718 644 642 691 731 501 616 611 985 849 627 964 1005 
Ga 11 11 
As 1,9 1,7 2 1,6 1,4 1,8 2,3 1,5 
Sc 14 16 19,7 20 25 22 16 26,4 28 25 24 24 28 27 
Y 31 29 22 20 21 31 30 17 21 16 32 23 20 17 25 
La 106,7 106,1 84,5 83,3 81,9 99,2 118,9 43,6 70,4 52,9 110,0 99,4 83,1 76,9 89,7 
Ce 185 182 144,0 146,0 142,9 138,9 166,2 71,8 122,4 85,6 181,1 142,0 126,0 122,4 137,1 
Nd 92,0 89,1 70,3 72,1 70,0 66,0 73,2 37,1 64,7 43,7 73,2 55,7 53,1 61,9 66,0 
Sm 14,5 14,7 11,9 11,7 11,5 12,5 14,1 6,94 10,4 7,48 16 9,1 9,1 10,3 12,8 
Eu 4,1 4,2 3,46 3,52 3,33 3,31 3,57 2,26 3,08 2,35 3,62 2,73 2,52 3,18 2,64 
Gd 13,1 13,3 11,8 11,8 11,6 10,7 11,0 7,8 9,6 8,9 8,7 8,7 6,7 11,2 10,1 
Tb 1,45 1,45 1,17 1,16 1,11 1,19 1,19 0,89 1,03 0,88 1,52 1,03 0,92 1,07 1,09 
Yb 3,3 3,5 2,49 2,49 2,42 . 2,66 2,91 1,50 1,87 1,68 2,48 1,66 1,66 1,71 1,79 
Lu 0,49 0,49 0,36 0,34 0,34 0,28 0,33 0,25 0,32 0,24 0,31 0,25 0,27 0,22 0,18 
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Table 2B. continued 
Sample No. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
Z-20 Z-22 Z-23 Z-24 Z-19 P-2 P-4 Z-26 Z-15 Z-14 226 M - l M-2 P-16 Z-16 
Rock type TB TB TB TE TE TE TE TE ON ON ON ON ON M O N M O N 
Th 9,7 9,5 9,4 8,4 8,6 16,0 9,0 5,0 6,5 6,4 8,1 10,5 9,3 9,3 14,0 
U 3,1 2,7 2,5 2,4 2,4 1,0 1,0 0,9 1,7 1,6 1,9 5,2 4,8 1,9 1,9 
Zr 426 403 285 280 279 361 366 138 230 135 243 177 159 283 231 
Hf 10,9 10,8 8,2 8,2 8 8,1 8,5 4,1 7,1 4,1 8,9 3,9 3,8 5,4 7,0 
V 166 202 212 210 240 321 389 158 278 179 288 133 150 192 233 
Nb 89 88 74 73 71 122 112 43 55 48 104 85 76 102 144 
Ta 6,0 6,0 5,6 5,7 5,4 7,0 6,4 2,8 4,1 3,5 6,1 5,2 4,6 6,5 6,1 
Cr • 22 27 45 48 62 44 33 422 67 370 354 410 445 324 271 
Co 16 21 24 25 30 41 40 56,0 38 55 42 52 55 49 56 
Ni 11 13 17 17 30 57 37 162 45 249 207 236 271 173 222 
Cu 81 66 73 83 67 77 
Zn 143 150 139 160 115 117 112 103 94 101 116 69 93 108 115 
K/Rb 303,27 176,96 366,86 398,76 356,41 335,02 111,09 339,78 85,37 150,04 333,77 356,10 298,19 175,58 249,00 
Rb/Sr 0,05 0,05 0,06 0,05 0,06 0,05 0,05 0,05 0,08 0,09 0,04 0,03 0,03 0,06 0,03 
Sr/Ba 1,29 1,24 1,19 1,50 1,29 1,57 1,63 1,19 1,45 0,98 1,27 1,16 1,33 0,85 1,15 
Zr/Nb 4,79 4,58 3,85 3,84 3,93 2,96 3,27 3,21 4,18 2,81 2,34 2,08 2,09 2,77 1,60 
Y/Nb 0,35 0,33 0,30 0,27 0,30 0,25 0,27 0,28 0,38 0,33 0,31 0,27 0,26 0,17 0,17 
La/Nb 1,20 1,21 366,86 1,14 1,15 0,81 1,06 1,01 1,28 1,10 1,06 1,17 1,09 0,75 0,62 
Th/U 3,13 3,52 0,06 3,50 3,58 16,00 9,00 5,56 3,82 4,00 4,26 2,02 1,94 4,89 7,37 
Zr/Hf 39,08 37,31 34,76 34,15 34,88 44,57 43,06 33,66 32,39 32,93 27,30 45,38 41,84 52,41 33,00 
Nb/Ta 29,67 29,33 19,47 26,07 26,30 17,43 17,50 30,71 26,19 28,24 17,05 16,35 16,52 31,88 23,61 
SREE 420,62 414,38 329,98 332,41 325,10 334,74 391,40 172,13 283,79 203,68 396,95 320,56 283,39 288,88 321,40 
(La/Yb)N 22,98 22,06 24,34 24,00 24,28 26,75 29,31 20,85 27,00 22,59 31,82 .42,95 35,91 32,26 35,95 
Eu/Eu* 0,88 0,90 0,88 0,91 0,87 0,85 0,84 0,94 0,93 0,88 0,85 0,93 0,94 0,90 0,69 
#Mg 45,69 45,83 34,76 50,91 54,78 57,11 49,11 71,76 58,33 73,01 48,46 73,08 73,93 70,88 69,34 
Gd/Gd* 0,40 0,41 0,46 0,45 0,46 0,43 0,37. 0,60 0,44 0,58 0,27 0,35 0,30 0,52 0,42 
Age (Ma) 10,4 13,5 13,0 10,5 9.0* 
6,5 
11.8* 8.3* 16.5* 16,2 12.4* 
17,0 
16.5* 
17-Z20 trachybasalt, SkupeCsky v. Hill near Konstantinovy 
Lazng, AQ 
trachybasalt, Vinice Hill near Konstantinovy LaznS, AQ 
trachybasalt, Pekelsky v. Hill near Nectiny, Q 
tephrite, Pekelsky v. Hill near Nectiny, Q 
tephrite, Okrouhle Hradiste Hill near Konstantinovy 
LaznS, A Q 
tephrite, Homole Hill near Plana, AQ 
tephrite, Krasikov Hill near Konstantinovy Lazne, NO 
olivine nephelinite (crystalline rocks and magnetite 
xenoliths), Cihana AQ 
olivine nephelinite (granite xenoliths), Polom 
in Marianske LaznS, AQ 









26-Z14 olivine nephelinite (granite xenoliths), Lysina 
Hill near Kynzvart , N O 
27-226 olivine nephelinite, Chlumskd hora Hill near 
Manetin (Shrbeny 1979), AQ 
28-M1 olivine nephelinite (massive), Podhorni v. Hill 
near Marianske LaznS, N O 
29-M2 olivine nephelinite (brecciated), Podhorni vrch 
Hill near Marianske LaznS, AQ 
30-P16 melilite-bearing olivine nephelinite, Chloumecky 
kopec Hill near C. Chloumek, N O 
31-Z16 melilite-bearing olivine nephelinite, Cesky 
Chloumek q, AQ 
PETROGRAPHY 
A survey of the principal rock types, localities, their 
geological and petrographical characteristics, main modal 
mineralogy and geochemistry are shown in Table 1. For 
more detailed petrographic and geochemical characteristic of 
the rocks see Shrbeny (1979), Ulrych et al. (2000c, in press 
b) and Pivec et al. (in press). 
Rock-forming minerals 
Quartz occurs as interstitial grains in the matrix (<0.4 
mm in size) and as prismatic euhedral crystals (up to 5 mm in 
size) in fissures in rhyolite and trachyte f rom Spi iak Hill. In 
trachyte it occurs in paragenesis with Mn-oxyhydroxide 
coatings and with an organic matter of white colour. Wohnig 
(1904) also described quartz in vesicles of trachyte f rom 
Prachometsky vrch Hill. 
Feldspars are broadly distributed in the felsic rocks as 
phenocrysts and matrix minerals. They commonly reveal 
and E. Árva-Sós, Debrecen). 
characteristic ternary composition due to a higher content 
(>5 mol.%) of the third component (sensu Barth, 1969; Table 
3; Fig. 3). 
Alkali feldspars dominate in rhyolite and trachytes, 
reaching 80-90 vol.%. Where anorthoclase is the sole 
feldspar, as in the rhyolite of the Sténsky vrch Hill, it forms 
phenocrysts (up to 8 mm). Zoned hypautomorphic 
phenocrysts (up to 12 mm) of alkali feldspar occur in 
trachyte f rom Spiéák and Prachometsky vrch hills. The 
phenocrysts of trachyte f rom Spiőák Hill (antiperthites or 
perthites) are - in optimum examples - formed by (i) a high-
temperature K-oligoclase core (Ab70.75An16.2|Or09.u) or its 
diffuse relicts of Ca-anorthoclase composit ion 
(Ab60Ani6Or24), (ii) ubiquitously mantled by anorthoclase 
with perthitic texture (Or3I.43Ab47.63Ano5-ii), and with (iii) 
rare Na-sanidine rims similar in composition to the matrix 
(K>Na)-phase. The disordered sanidine structure was 
checked using optical method. Matrix feldspar is Na-sanidine 
8 J. Ulrych et al. 
(Or59Ab4oAnoi) and K-oligoclase (Oro7Ab8oAn13) 
compositions. The sanidine is in composition identical with 
the feldspar of trachyte from Drachenfels (Or62Ab36An02), cf. 
Vieten et al. (1988). 
Anorthoclase (Table 3, No. Z-13) in basanite, (No. 
256/28) in basaltic trachyandesite, (No. 251/20) in 
trachyandesite, or sanidine (255/40) in trachybasalt are 
probably of xenocrystic origin and may indicate some 
magma mixing between mafic and felsic compositions. 
Sanidine in trachybasalt has appreciable BaO contents (max. 
3.75 wt.%). Wilson et al. (1995) reported higher BaO 
contents (about 1 wt.%) in K-feldspar of the trachytes in 
Cantal. Rare anorthoclase laths (Or20-22) occur in the matrix 
of intermediate and basic rocks. 
The presence of ternary feldspars with anhydrous 
ferromagnesian minerals in rhyolites and Q-normative 
trachytes indicate high temperatures of origin (Nekvasil, 
1992). As recognised by Carmichael (1963) and Nekvasil 
(1990) the most common reaction in these rock types would 
be the crystallisation of alkali feldspars through the reaction 
of older plagioclases with melt. This explains the presence of 
partially resorbed cores of high-temperature ternary 
plagioclases and/or ternary alkali feldspars (generally 
Table 3. Representative chemical analyses of feldspars 
Fig. 3. Feldspars in An-Ab-Or diagram (mol.%). Symbols as 
in Fig. 1. 
Sample 202/ 202/ 202/ 180/ 180/ 180/ 180/ 180/ 180/ 186/ 186/ 251/ 251/ 256/ 256/ 256/ 256/ 
No. 9C 10R 18M 23C 24R 25C 26R 27M 28M 12C 13R 23C 20 30C 29C 27R 28 
Rock type RY TR TR TA BTA 
S i0 2 67,52 67,36 68,33 65,21 66,59 66,61 65,75 64,21 67,22 63,78 68,59 57,31 64,79 50,31 51,15 59,30 62,37 
T i 0 2 0,08 0,01 0,04 0,07 0,03 0,01 0,11 0,08 0,03 
A1203 18,57 17,95 16,78 20,04 18,54 19,58 18,93 22,53 17,05 22,65 17,91 26,35 21,50 31,65 31,08 23,86 22,68 
FeO 0,36 0,16 0,47 0,20 0,20 0,25 0,47 0,33 0,38 0,09 0,06 0,03 0,07 0,08 0,05 0,06 0,01 
MnO 0,11 0,03 0,14 0,07 0,13 0,01 0,03 0,01 0,04 0,01 0,00 0,05 
MgO 0,02 0,03 0,02 0,04 
BaO 0,09 0,23 0,01 0,26 0,23 0,18 0,05 0,19 0,41 0,23 
CaO 0,57 0,67 0,19 3,34 1,09 3,25 2,16 2,62 0,17 4,72 0,44 8,84 2,82 14,62 13,65 8,55 2,95 
N a 2 0 8,24 7,16 8,52 7,00 7,01 8,27 5,60 9,01 4,51 8,18 7,39 6,06 7,78 2,61 3,07 5,06 7,83 
K 2 0 4,91 6,61 4,68 4,25 5,86 1,70 7,17 1,15 10,14 0,78 5,58 0,49 3,58 0,32 0,45 1,93 4,05 
P 2 0 5 0,06 0,06 0,06 0,06 0,06 0,11 
Total 100,3 99,94 99,06 100,2 99,65 99,86 100,4 99,98 99,59 100,4 100,1 99,22 100,5 99,67 99,84 99,25 100,1 
Number of ions per 32(0) 
Si 11,99 12,07 12,27 11,63 11,96 11,78 11,82 11,35 12,21 11,25 12,17 10,35 11,48 9 ,19 11,58 10,75 11,19 
Al 3,888 3,790 3,551 4,214 3,926 4,083 4,013 4,695 3,650 4,709 3,745 5,608 4,487 6,811 4,314 5,097 4,793 
Ti 0,011 0,001 0,005 0,010 0,004 0,001 0,011 4,000 
P 0,009 0,009 0,009 0,009 0,008 0,170 0,042 
Fe2+ 0,053 0,024 0,071 0,030 0,030 0,037 0,071 0,049 0,058 0,013 0,008 0,005 0,010 0,012 0,009 2,000 
Mn 0,017 0,005 0,021 0,011 0,019 0,002 0,004 0,002 0,000 0,000 0,006 0,002 0,000 
Mg 0,005 0,000 0,000 0,008 0,000 0,005 
Ba 0,006 0,016 0,001 0,018 0,016 0,013 0,004 0,270 0,029 0,016 
Ca 0,108 0,129 0,037 0,638 0,210 0,616 0,416 0,496 0,033 0,893 0,084 1,712 0,535 2,862 .0,199 1,662 0,567 
Na 2,838 2,489 2,966 2,421 2,442 2,837 1,953 3,089 1,588 2,800 2,544 2,123 2,674 0,925 1,901 1,780 2,724 
K 1,113 1,512 1,072 0,967 1,343 0,384 1,645 0,259 2,350 0,176 1,264 0,113 0,809 0,075 1,664 0,447 0,927 
Z 1.5,89 15,86 15,82 15,85 15,89 15,87 15,84 16,06 16,03 15,96 15,92 15,96 15,97 16,00 15,90 15,85 15,98 
X 4,129 4,159 4,152 4,077 4,052 3,894 4,105 3,902 4,031 3,899 3,918 3,977 4,034 3,884 4,105 3,938 10,23 
Ab 69,9 60,3 72,7 60,1 60,9 73,9 48,4 80,3 40,0 72,1 65,1 53,8 66,6 23,9 47,1 45,4 64,3 
An 2,7 3,1 0,9 15,9 5,2 16,1 10,3 12,9 0,8 23,0 2,2 43,4 13,3 74,0 4,9 42,4 13,4 
Or 27,4 36,6 26,3 24,0 33,5 10,0 40,8 6,8 59,2 4,5 32,4 2,9 20,1 1,9 41,2 11,4 21,9 
Cn 0,1 0,4 0,0 0,5 0,2 0,4 0,3 0,0 0,0 0,1 6,7 0,7 0,4 
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Table 3. continued 
Sample No. Z22/1 Z22/2 Z22/3M 255/32 255/40 P1/1C P1/1R P1/2M Z-13C Z-13R Z-13 Z14/1 Z14/2 
Rock type TB TB BA BA ON 
S i 0 2 55,69 55,78 56,08 58,96 62,98 52,87 52,39 52,70 53,04 55,47 63,07 52,98 54,85 
T i 0 2 0,31 0,38 0,34 0,08 0,15 0,26 0,23 0,33 0,22 0,31 0,35 
A1203 27,50 27,01 27,03 25,22 19,91 29,79 29,38 29,22 29,62 28,00 22,05 28,81 27,81 
FeO 0,94 0,79 0,65 0,09 0,27 0,56 0,84 1,27 0,64 0,70 0,70 0,66 0,78 
MnO 0,08 0,03 0,09 0,14 0,28 0,05 0,08 0,25 0,22 
MgO 0,03 0,04 0,03 0,00 0,06 0,05 0,04 0,06 0,05 0,06 0,08 0,10 
BaO 0,26 0,25 0,95 3,75 0,25 0,39 0,23 0,33 0,26 0,37 
CaO 10,19 9,14 9,95 8,03 1,01 12,57 11,89 11,63 10,94 9,06 2,85 12,18 9,97 
N a 2 0 4,97 5,47 5,48 6,07 5,33 4,12 4,00 4,14 4,64 5,98 7,07 4,10 4,98 
K2O 0,62 0,55 0,51 1,13 7,09 0,29 0,56 0,37 0,41 0,66 3,81 0,81 0,43 
P 2 O 5 0,25 0,12 0,46 0,48 0,45 0,28 0,52 0,31 0,34 
Total 100,51 99,74 100,19 100,56 100,34 100,60 100,25 100,62 100,41 100,87 100,97 100,24 99,83 
Number of ions per 32 ( 0 ) 
Si 10,038 10,099 10,105 10,581 11,587 9,570 9,529 9,548 9,588 9,956 11,217 9,620 9,923 
Al 5,842 5,764 5,740 5,330 4,314 6,355 6,298 6,239 6,311 5,923 4,622 6,166 5,930 
Ti 0,042 0,052 0,046 0,011 0,021 0,035 0,031 0,045 0,029 0,042 0,048 
P 0,038 0,018 0,042 0,071 0,074 0,069 0,043 0,078 0,048 0,052 
Fe2+ " 0,142 0,120 0,098 0,014 0,085 0,128 0,192 0,097 0,105 0,104 0,100 0,118 
Mn 0,012 0,005 0,014 0,022 0,043 0,008 0,012 0,038 0,034 
Mg 0,008 0,011 0,008 0,016 0,014 0,011 0,016 0,013 0,016 0,022 0,027 
Ba 0,018 0,018 0,067 0,270 0,018 0,028 0,016 0,023 0,018 0,026 
Ca 1,968 1,773 1,921 1,544 0,199 2,438 2,317 2,258 2,119 1,742 0,543 2,370 1,932 
Na 1,737 1,920 1,914 2,112 1,901 1,446 1,411 1,454 1,626 2,081 2,438 1,443 1,747 
K 0,143 1,127 0,117 0,259 1,664 0,067 0,130 0,086 0,095 0,151 0,864 0,188 0,099 
Z 15,923 15,953 15,909 15,911 15,901 15,925 15,918 15,896 15,999 15,966 15,947 15,876 15,952 
X 4,016 3,981 4,059 4,012 4,105 4,083 4,048 4,060 3,984 4,123 4,029 4,123 3,957 
Ab 44,9 50,0 48,4 53,0 47,1 36,4 36,3 38,1 42,1 52,1 63,0 36,1 46,2 
An 50,9 46,2 48,6 38,8 4,9 61,4 59,6 59,2 54,9 43,6 14,0 59,2 51,1 
Or 3,7 3,3 3,0 6,5 41,2 1,7 3,3 2,2 2,5 3,8 22,3 4,7 2,6 
Cn 0,5 0,5 1,7 6,7 0,5 0,7 0,4 0,6 0,5 0,7 
C - core, R - rim (of phenocrysts), P - phenocryst, M - matrix 
anorthoclase rimmed by sanidine) in K-feldspars phenocrysts 
in the trachytes (Table 3). Trachyte crystallisation need not 
lead to complete resorption of plagioclase Nekvasil (1992). 
The extent of resorption of plagioclase will depend upon 
pressure, bulk H 2 0 and the bulk chemistry of the melt. 
Partial to complete resorption of plagioclase can occur in Q-
normative trachytes under H2O buffered conditions, 
particularly if silica saturation is not attained until the later 
stages of crystallisation. 
Plagioclases predominate in the more basic members 
of the WAS (trachyandesite and basaltic trachyandesite). 
They prevail in the matrix (up to 50 vol.%), as 
phenocrysts they are more rare. Partially resorbed 
oligoclase cores (to anorthoclase) in trachyte have been 
discussed above. Plagioclase composi t ion in the 
intermediate rocks (trachyandesite, basaltic 
trachyandesite) is andesine (An43.42). and in basanite, 
tephrite and trachybasalt is labradorite (An^.s i ) with low 
contents of Or- and Cn-components (Table 3). 
Plagioclases in trachybasalts show a minimum variability 
in An-content within the range of andesine. Rare plagioclase 
is K-andesines (Table 3, No. 255/32R) in trachybasalt. This, 
together with the zero "ordering index" (Oi), indicates their 
high-temperature origin. They are characterised by high BaO 
content (up to 1 wt.%). 
Nepheline was only detected in WAS rocks in the matrix 
of trachyandesite from Trebounsky vrch and basaltic 
trachyandesite from Doubravicky vrch Hills. The nepheline 
compositions (Table 4) plotted in the ternary diagram Ne-Ks-
Qz-H 2 0 system at 700 °C and 1 kbar pH2o (Fig. 4) are not so 
far from the "Barth join", which denotes the compositional 
trend for natural nephelines (Dollase and Thomas, 1978). In 
accordance with the criteria of Wilkinson and Hensel (1994) 
the studied nephelines crystallised at temperatures lower than 
700°C. In contrast to the WAS, nepheline is common in the 
matrix of olivine nephelinite, basanite and tephrite. Both 
sparse homogeneous microphenocrysts (Ne7o.72Ks24Qo3-os) 
and interstitial patches of nepheline are characteristic for 
melilite-bearing olivine nephelinite from Chloumecky vrch 
Hill. Large crystals (up to 12 mm in size) enriched in Ne-
component (Ne76.79Ksi9.2oQo2-04) occur in the ijolite 
pegmatoidal segregations in the melilite-free olivine 
nephelinite of Podhorni vrch Hill (Ulrych et al., 2000c). The 
nephelines reflect host rock chemistry. The proximity to the 
Ne - Ks join, higher Ks and lower Qz of nephelines from the 
ijolite is consistent with the segregation bulk chemistry 
compared with parent rocks (cf. Fig. 4). SAS nepheline is 
relatively richer in Ks-component and distinctly lower in Q-
component (<5) (Fig. 4). Analcimization is confined to 
crystal rims and cleavage, only. 
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Table 4. Representative chemical analyses of nephelines and analcimes 
Sample No. 251/1 251/2 256/1 29/C ' 29/R 29/C 29/R Z14/1 Z14/2 Z16/1V Z16 /2M Z19/1 
Rock type T A B T A O N Ijolite in O N B A M O N T E 
S i 0 2 44,48 44,26 45,09 42,30 42,21 41,89 41,13 42,66 42,95 42,11 42,09 56,24 
T i 0 2 0,00 0,00 0,06 0,05 0,08 0,05 0,03 0,18 0,25 0,19 0,11 
A1203 33,01 33,01 32,61 33,69 33,12 33,42 33,98 32,52 32,96 33,47 32,31 22,26 
F e 2 0 3 0,78 0,95 0,92 1,62 1,09 1,17 1,11 0,93 0,88 0,82 1,29 0 ,40 
M n O 0,02 0,03 0,01 
M g O 0,05 0,04 0,57 0,54 0,76 0,71 0,07 
CaO 1,15 1,28 1,07 0,51 0,52 0,15 0,14 2,18 1,86 1,60 3,23 5,34 
N a 2 0 16,87 16,45 16,65 16,11 16,18 16,38 16,56 15,78 15,76 14,42 14,45 7,38 
K 2 0 3,56 3,70 3,52 5,80 5,89 6,29 6,36 4,47 4,10 7,37 6,06 1,20 
Total 99,85 99,65 99,92 100,08 99,09 99,42 99,38 99,29 99,30 100,74 100,25 92 ,90 
Number of ions per 4 (O) 48 ( 0 ) 
Si 2,117 2,112 2,141 2,020 2,056 2,039 2,014 2,063 2,067 2,028 2,037 32,518 
Al 1,852 1,857 1,825 1,878 1,901 1,918 1,943 1,853 1,870 1,900 1,843 15,169 
Ti 0 ,002 0,002 0,003 0,002 0,001 0,007 0,009 0,007 0,004 
Fe3 + 0,028 0,034 0,033 0,059 0,040 0,043 0,041 0,034 0,032 0,030 0,047 0,174 
Mn 0,001 0,001 0,005 
Mg 0,004 0,003 0,041 0,039 0,055 0,051 0 ,060 
Ca 0,059 0,065 0,054 0,027 0,027 0,008 0,007 0 ,113 0,096 0,083 0,167 3,308 
Na 1,557 1,522 1,533 1,522 1,528 1,546 1,572 1,479 1,471 1,346 1,356 8,273 
K 0,216 0,225 0,213 0,361 0,366 0,391 0,397 0,276 0,252 0,453 0,374 0,885 
Z 3,997 4,003 4,001 3,959 4,000 4,002 3,999 3,956 3,977 3,964 3,931 47,861 
X 1,832 1,813 1,800 1,910 1,921 1,950 1,980 1,909 1,857 1,936 1,949 12,526 
Ne (mol.%) 77,85 76,82 75,43 75,80 76,30 76,42 78,60 80,54 78,42 72,28 70,39 
Ks 10,81 11,37 10,49 18,00 18,30 19,33 19,85 15,01 13,42 24,31 24,44 
Qz 11,34 11,81 14,08 6,20 5,40 4,25 1,55 4,45 8,15 3,41 5,17 
Analcime patches mainly result f rom a low-temperature 
transformation of nepheline or plagioclase in the matrix of 
basanites (Okrouhle HradistS, Polom, VICi hora and Lysina 
hills) and basanite of Prachomety II (for analyses see Table 
4). Analcime occurs rarely in vesicles. 
Melilite is present in matrix of melilite-bearing olivine 
nephelinite at Cesky Chloumek (Table 5). Anomalous, large 
rusty crystals (up to 18 mm in length) occur in the ijolite 
pegmatoidal segregations in the melili te-free olivine 
nephelinite of Podhorni vrch Hill (Ulrych et al., 2000c). 
Melilite of the ijolite is characterized by appreciable amount 
of soda-melilite and ferroakermanite end-members , 
accompanied by akermanite molecule (Table 5) in comparison 
to usual chemical composition of melilite in the matrix (cf. 
Pivec et al., 1998). Such replacement of Ca (Mg,Al) by Na 
(Fe2+,Fe3+) in melilite structure causes a marked lowering of 
the melting point of the magma (Yoder, 1973). 
Olivine occurs in olivine nephelinite and basanite as (i) 
xenocrysts f rom disaggregated mantle xenoliths (>2-3 mm, 
Fo88-9o), (¡0 euhedral phenocrysts (about 10 vol.%, 0.5-1 mm, 
Fo66.76) and (iii) rare irregular matrix grains. Olivine of all 
types is mostly substantially altered (iddingsitisation and 
serpentinization). Phenocryst olivine in olivine nephelinite 
has a restricted composit ional range (FO8I_84, CaO = 0.3-0.7 
wt.%), in contrast with the groundmass (Fo59.68), which is 
often serpentinised (Table 6). The exceptional accessory 
olivine of tephrite f rom Okrouhle HradistS Hill is Fo-rich 
poor (F049.52, CaO = 0.8-0.9 wt.%). 
Clinopyroxene occurs in minor to substantial amounts in 
major rocks of the WAS. • It occurs as phenocryst and in 
groundmass of in trachyte occurring in Prachometsky vrch Hill. 
Qz Qz 
A 
f \ 50 
• 2NafiAI6Si,0O.,, / \ A I \ 
Na2Al2Si301() / \ \ N e 50 Ks 
\ \ 1 0 6 8 t , l b a \ 
/ \ 7 ^ ' C , Ikbar PIIO \ / X. / ^K 
Ne K2NaflAl8SiR032 Ks 
Fig. 4. Nephelines in Ne-Ks-Qz diagram. The dashed line 
("Barth join") denotes the composit ion of natural nephelines 
(Dollase and Thomas 1978); the full line solution of feldspar 
in nepheline at 1068 °C, 1 bar (Donnay et al. 1959, 
Wilkinson and Hensel 1994); the dashed-dot line marks the 
limit of solid solutions at 700 °C (Hamilton 1961). Shaded 
area corresponds to nepheline composit ion of coarse-grained 
nepheline-clinopyroxene-melil i te/leucite + K-fe ldspar 
exsolution in olivine nephelinite of Podhorni vrch Hill 
(Ulrych et al. 2000c). Symbols as in Fig. 1. 
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Phenocryst in all the rocks occurs as hypautomorphic,. 
columnar crystal (0.2 to 2 mm in size) showing weak . 
concentric and/or sectoral zoning (e.g., in the trachybasalt of 
Zbraslavsky vrch Hill). Their compositions (Table 7) are 
diopside (Morimoto, 1988; Fig. 5), they often plot above the 
(Wo>50) boundary of the "fassaite" field, reflecting high Ti, 
Al, and Fe3+ contents. Clinopyroxene megacrysts (up to 50 
mm in size) from basanite and tuffs from VIci hora Hill 
reveal the same composition (Ulrych and Kaspar, 1977). 
Clinopyroxenes in trachyte from Prachometsky vrch Hill and 
in most trachyandesitic rocks are relatively enriched in Fs-
component, more so than clinopyroxenes from trachytic 
rocks of Siebengebirge (Vieten, 1979, 1980). Both WAS and 
SAS clinopyroxenes contain minor N a 2 0 and MnO, which 
are highest in trachyte (maximum = 1.75 and 2.56 wt.%, 
respectively). 





Fig. 5. Clinopyroxenes in Morimoto's ed. (1988) classification 
diagram. Dashed lines join core and rim, arrows point to the 
rim. Symbols as in Fig. 1. 
Table 6. Representative chemical analyses of olivine 
Sample No. Z16/1C Z16/2R M2/C M2/R 
Rock type MON Ijolite segr. in ON 
S i0 2 42,86 43,75 42,89 40,77 
T i 0 2 0,26 0,21 0,16 0,16 
AI2O3 7,07 7,97 6,36 7,37 
FeO 4,23 4,06 5,79 7,16 
MnO 0,23 0,18 0,10 0,22 
MgO 7,58 6,81 7,07 4,74 
BaO 0,02 0,05 
CaO 34,38 33,04 32,13 33,90 
N a 2 0 3,02 3,25 5,61 5,10 
K 2 0 0,27 0,30 0,09 0,10 
Total 99,90 99,57 100,22 99,57 
Number of ions per 14 (0 ) 
Si 3,907 3,968 3,939 3,821 
Al 0,760 0,852 0,688 0,814 
Ti 0,018 0,014 0,011 0,011 
Fe 0,322 0,308 0,445 0,561 
Mn 0,018 0,014 0,008 0,017 
Mg 1,030 0,921 0,968 0,662 
Ca 3,358 3,211 3,162 3,404 
Ba 0,001 0,002 
Na 0,534 0,572 0,999 0,927 
K 0,031 0,035 0,011 0,012 
Na mel 26,88 29,03 32,75 39,96 
Geh 5,69 7,12 14,8 8,54 
Aker 62,54 46,55 46,07 32,5 
Di mel 5,17 13,25 6,38 19. 
Wo 0,28 4,06 
Sample No. Z13/1 Z13/2 P1/1 P l / 2 Z15/1 Z15/2 Z14/P Z14/2M Z14/3M Z16/1 Z19/1C Z19/1R Z19/2 
Rock type BA BA ON ON MON TE • 
S i0 2 38,18 38,70 39,63 39,30 38,20 39,54 39,49 39,08 39,36 39,91 39,13 39,13 38,85 
T i 0 2 0,25 0,26 0,37 0,24 0,26 0,21 0,29 0,31 0,24 0,12 0,23 0,38 0,23 
A1203 0,48 0,40 1,07 1,23 0,53 0,61 0,37 0,56 0,62 0,44 1,59 2,09 2,24 
FeO 22,58 20,73 26,63 25,22 21,80 22,41 22,08 22,69 22,42 14,67 35,33 34,90 35,95 
MnO 1,05 0,79 0,78 0,88 0,49 0,73 0,64 0,77 0,75 0,34 0,90 0,97 1,01 
NiO n.d. n.d. n.d. n.d. n.d. n.d. n.d. 0,30 0,19 n.d. n.d. n.d. n.d. 
MgO 37,05 38,44 30,53 31,74 37,73 37,32 36,57 35,96 36,10 41,41 22,03 21,74 20,84 
CaO 0,47 0,31 0,71 0,61 0,56 0,53 0,43 0,33 0,30 0,53 0,80 0,80 0,88 
Total 100,06 99,63 99,72 99,22 99,57 101,35 99,87 100,00 99,98 97,42 100,01 100,01 100,00 
Number of ions per 4 (0 ) 
Si 1,995 2,009 2,101 2,083 1,995 2,027 2,051 2,037 2,047 2,051 2,153 2,147 2,144 
Al , v 0,005 0,005 
A1VI 0,025 0,024 0,067 0,077 0,027 0,037 0,023 0,034 0,038 0,027 0,103 0,135 0,146 
Ti 0,010 0,010 0,015 0,010 0,010 0,008 0,011 0,012 0,009 0,005 0,010 0,016 0,010 
Fe 0,987 0,900 1,181 1,118 0,952 0,961 0,959 0,989 0,975 0,631 1,625 1,601 1,659 
Mn 0,046 0,035 0,035 0,040 0,022 0,032 0,028 0,034 0,033 0,015 0,042 0,045 0,047 
Ni 0,010 0,008 
Mg 2,886 2,974 2,413 2,508 2,937 2,852 2,831 2,795 2,798 3,173 1,807 1,778 1,715 
Ca 0,026 0,017 0,040 0,035 0,031 0,029 0,024 0,018 0,017 0,029 0,047 0,047 0,052 
Fo 73,2 76,3 65,8 67,8 74,5 73,6 73,7 72,6- 73,0 82,5 51,5 51,2 49,4 
Fa 25,0 22,6 32,2 30,2 24,2 24,8 25,0 25,7 25,5 16,4 46,2 46,1 47,8 
Te 1,2 0,6 1,0 1,1 0,6. 0,8 0,7 0,9 0,9 0,4 1,2 .1,3 1,4 
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Table 7. Representative chemical analyses of clinopyroxenes 































Rock type TR TA BTA TB 
SiO, 

































Al2Oj 2,70 1,48 1,70 2,49 4,77 4,50 5,18 8,12 2,47 5,78 3,54 6,94 2,22 6,80 5,68 9,41 
FeO 12,81 15,10 15,13 14,80 8,42 8,63 9,99 10,54 13,17 9,17 7,96 9,32 12,45 8,66 8,73 8,52 
MnO 1,31 2,51 2,56 2,22 0,21 0,23 0,35 0,34 0,35 0,26 0,21 0,69 0,11 0,17 0,22 
MgO 10,55 8,50 8,15 8,76 12,25 12,61 12,07 11,06 10,69 11,30 13,29 10,43 10,68 11,11 11,95 10,92 
CaO 21,43 20,24 20,70 20,20 22,78 22,97 20,68 20,49 20,54 22,79 21,91 22,43 20,39 23,71 22,76 21,88 
N a 2 0 1,00 1,75 1,73 1,68 1,20 1,08 0,78 0,80 1,16 1,11 1,26 1,47 1,74 0,81 0,79 1,36 
K , 0 0,09 0,12 0,16 0,11 0,15 0,13 0,15 0,20 0,19 
Total 100.15 99.85 100.78 100.57 99.79 99.80 100.68 99.71 99,45 99.54 99.51 99.46 99,70 99.19 99.73 99,50 
























































Cr 0,000 0,000 
Fe3+ 0,157 0,184 0,178 0,188 0,177 0,198 0,024 0,109 0,122 0,189 0,149 0,227 0,171 0,196 0,159 0,246 
Fe2+ 0,247 0,260 0,282 0,268 0,085 0,044 0,287 0,222 0,296 0,077 0,093 0,065 0,221 0,052 0,114 0,001 
Mg 0,594 0,486 0,462 0,496 0,679 0,699 0,669 0,620 0,605 0,632 0,736 0,585 0,600 0,625 0,665 0,610 
Mn 0,042 0,082 0,083 0,071 0,007 0,007 0,011 0,011 0,011 0,008 0,007 0,022 0,004 0,005 0,007 
Ca 0,868 0,832 0,844 0,822 0,907 0,915 0,824 0,825 0,835 0,916 0,872 0,904 0,823 0,958 0,911 0,879 
Na 0,073 0,130 0,128 0,124 0,086 0,078 0,056 0,058 0,085 0,081 0,091 0,107 0,127 0,059 0,057 0,099 



































Fs 14,4 16,5 17,7 16,9 5,0 2,7 15,6 12,9 16,8 4,8 5,5 4,2 13,3 3,2 6,6 0,0 
Jd 0,2 0,0 0,0 0,0 0,9 0,0 3,1 3,4 1,6 0,0 0,0 0,2 1,2 0,0 1,4 0,0 
Table 7. continued 
Sample No. 
Rock type 
Z13/1 ZI3/1 ZI 3/2 
C R M 
BA 





ZI 5/1 ZI 5/2 
ON 
Z24/1 Z24/1 Z24/2 
C R M 
ON 
Z14/1 Z14/1 ZI 4/2 
C R M 
ON 
Z16/1 Z16/1 
C R Z l 6 / C 
MON 
SiO, 
T i 0 2 
AI2O3 





N a 2 0 
K , 0 
45,13 46,24 43,57 
3,92 2,80 3,23 
6,75 5,69 7,68 
0,15 0,25 0,23 
7,13 9,03 8,87 
0,32 0,41 0,27 
11,90 12,10 11,45 
23,30 23,45 23,10 
1,18 0,60 1,04 































47,48 44,98 42,43 
2,16 3,24 4,14 
4,77 6,49 9,66 
0,35 0,37 0,24 
8,55 8,00 8,90 
0,45 0,34 0,37 
12,56 11,59 10,67 
23,41 23,93 22,27 
0,60 1,01 1,20 
0,00 0,15 0,13 
50,81 48,98 49,63 
0,97 1,13 1,53 
5,53 6,91 4,68 
1,17 1,56 0,79 
4,60 4,87 5,29 
0,37 0,35 0,44 
14,55 13,18 13,70 
21,11 21,16 22,09 
1,14 1,41 1,07 
0,25 0,18 0,08 
45,36 49,37 45,18 
2,92 1,32 2,68 
7,02 2,17 7,30 
0,34 0,30 0,27 
7,89 12,98 7,22 
0,29 0,39 0,43 
11,62 9,76 11,26 
23,82 23,07 24,50 
0,96 0,61 0,85 
0,18 0,21 0,12 
Total 99.95 100.60 99.61 100.18 100,34 99,44 99,98 100.10 99.95 100.33 100.10 99,94 100,40 99,73 100,00 100.40 100.18 99.81 
Number of ions per 4 cations and 6 CO) 
Si 
Al l v 
Fe3+ 
1,678 1,720 1,629 
0,296 0,249 0,339 










1,767 1,675 1,584 
0,209 0,285 0,416 
0,024 0,040 0,000 
1,848 1,800 1,838 
0,152 0,200 0,162 
0,000 0,000 0,000 
1,682 1,880 1,685 
0,307 0,097 0,315 











0,000 0,000 0,000 
0,110 0,078 0,091 
0,004 0,007 0,007 
0,192 0,160 0,246 
0,004 0,090 0,000 
0,010 0,013 0,008 
0,659 0,671 0,638 
0,928 0,935 0,926 
0,086 0,043 0,075 































0,000 0,000 0,009 
0,060 0,091 0,116 
0,010 0,011 0,007 
0,145 0,209 0,260 
0,096 0,000 0,018 
0,014 0,011 0,012 
0,697 0,643 0,594 
0,933 0,955 0,891 
0,043 0,073 0,087 
0,000 0,007 0,006 
0,085 0,099 0,043 
0,026 0,031 0,043 
0,034 0,045 0,023 
0,072 0,102 0,091 
0,068 0,047 0,073 
0,011 0,011 0,014 
0,789 0,722 0,756 
0,823 0,833 0,877 
0,080 0,100 0,077 
0,011 0,008 0,004 
0,000 0,000 0,006 
0,081 0,038 0,075 
0,010 0,009 0,008 
0,223 0,091 0,218 
0,011 0,299 0,007 
0,009 0,012 0,013 
0,642 0,554 0,626 
0,946 0,941 0,979 
0,069 0,045 0,061 





58.3 55,1 59,2 
41.4 39,6 40,8 
0,2 5,3 0,0 













54,1 59,7 58,9 
40,4 40,3 39,3 
5,6 0,0 1,2 
0,0 0,0 0,6 
46,8 49,0 50,1 
44,8 42,4 43,3 
3,9 2,8 4,2 
4,6 5,8 2,4 
59,2 52,4 60,5 
40,2 30,9 38,7 
0,7 16,7 0,5 
0,0 0,0 0,4 
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The compositional variation of 
clinopyroxene in basanites and 
tephrites is largely a function of ferrian 
diopside and ferrian fassaite variants. 
High f 0 2 during crystallization is 
reflected in high Fe3+ in both 
octahedral and (tetrahedral) positions 
(calculated on the base of 
stoichiometry). This translates to a 
lower Fs-component and almost all 
clinopyroxenes are characterised by 
low Si-contents compensated by 
substitution of A1IV and Fe l v . 
Amphibole is a minor phase in 
rhyolite and trachyte of Spicák Hill. 
Microphenocrysts are columnar, with 
strong pleochroism and typically 
rimmed by biotite. The alkali 
amphiboles are Mn-varieties (up to 6.1 
wt.% MnO), manganoan 
magnesioriebeckite in rhyolite and 
manganoan winchite in trachyte using 
Leake's (1978) classification (Table 8). 
Magnesioarfvedsonite of similar 
composition is known from alkali 
trachyte in Siebengebirge (Vieten, 
1965; Vieten et al., 1988) and fenites in 
the Cistá Massif (Ulrych, 1978). 
Strongly corroded, originally 
euhedral phenocrysts (up to 12 cm) of 
kaersutite rimmed by clinopyroxene 
Table 9. Representative chemical analyses 
of biotite 
Sample 180/ 180/ 180/ 180/ 
No. 1C 1R 2C 2R 
Rock type TR 
S i0 2 36,02 35,46 38,01 37,49 
T i 0 2 4,07 5,90 4,93 5,50 
AI2O3 14,25 14,91 13,72 15,80 
FeO 15,33 16,73 14,17 13,33 
MnO 1,41 1,31 1,77 1,46 
MgO 14,82 13,02 14,82 13,69 
CaO 0,01 
N a 2 0 0,57 0,69 0,81 0,56 
K 2 0 9,35 8,46 9,31 9,33 
Total 95,82 96,48 97,54 97,17 
Number of ions per 22 (O) 
Si 5,675 5,558 5,833 5,730 
Al , v 2,325 2,442 2,167 2,270 
A1V1 0,319 0,310 0,313 0,574 
Ti 0,482 0,696 0,569 0,632 
Fe2+ 2,020 2,193 1,819 1,704 
Mn 0,188 0,174 0,230 0,189 
Mg 3,481 3,042 3,391 3,119 
Ca 0,002 
Na 0,174 0,210 0,241 0,166 
K 1,879 1,692 1,823 1,819 
Z 8,000 8,000 8,000 8,000 
Y 6,490 6,415 6,322 6,218 
X 2,053 1,902 2,064 1,987 
Table 8. Representative chemical analyses of amphiboles 
magnesio winchite kaersutite kaersutite 
riebeckite megacryst veinlet 
Sample No. 202/1 180/1 251/11 251/10 P1/1R P1/2M 
Rock type RY TR TA BA 
Si0 2 54,07 53,72 39,34 39,09 39,00 39,15 
T i0 2 0,27 0,52 5,09 5,44 5,03 5,10 
A1203 0,77 1,45 12,38 12,64 13,56 13,55 
Fe 2 0 3 tol 17,66 12,11 
Cr 2 0 3 
FeO 11,18 12,06 8,54 9,52 
MnO 6,06 4,43 0,14 0,13 0,32 0,34 
MgO 8,43 15,05 13,01 11,83 13,85 13,09 
CaO 2,98 7,26 12,09 12,12 12,69 12,57 
N a 2 0 7,39 3,63 2,67 2,81 2,50 1,95 
K 2 0 0,84 0,71 1,61 1,37 2,14 1,96 
H 2 0 + 2,07 2,12 2,00 2,00 1,98 1,98 
Total 100,54 101,00 99,51 99,49 99,61 99,21 
Number of ions per 23 (O) 
Si 7,849 7,608 5,889 5,872 5,788 5,836 
A1IV 0,132 0,242 2,111 2,128 2,212 2,164 
Ti 
FeIV 0,019 0,150 
A1V1 0,073 0,109 0,159 0,216 
Ti 0,029 0,055 0,573 0,614 0,561 0,572 
Cr 
Fe3+ 1,385 1,141 
Fe2+ 0,525 0,000 1,400 1,515 1,06 1,187 
Mg 1,824 3,178 2,903 2,649 3,064 2,908 
Mn 0,745 0,531 0,018 0,017 0,04 0,043 
Ca 0,464 1,101 1,939 1,951 2,018 2,007 
Na 0,097 0,066 
Na 2,080 0,997 0,775 0,818 0,622 0,498 
K 0,156 0,128 0,307 0,263 0,405 0,373 
and titanian magnetite occur in 
trachyandesite. Their chemical 
composition is close to that of 
amphibole megacrysts worldwide. 
They are also similar to polycrystalline 
aggregates (15 by 10 cm) of 
oxykaersutite in basanite and its tuff 
from the nearby V15i hora Hill at 
Cernosin (Ulrych, 1986). The basanite 
includes also infrequent oxykaersutite 
veinlets as a result of re-equilibration 
(?) between melt and megacrysts 
(phenocrysts or cumulates)? 
Biotite is found only in trachyte 
from SpiCâk Hill. It occurs in the form 
of (i) rare euhedral phenocrysts (up to 
4 mm) and smaller inclusions in the 
alkali feldspar phenocrysts (Mg# = 
0.61-0.62) and (ii) rims of amphibole 
microphenocrysts composed of 
subhedral dark brown flakes (Mg# = 
0.58), locally opaque due to tiny 
inclusions of titanian magnetite. Micas 
are typically Fe-Mg biotite, 
exceptionally phlogopite (Table 9). A 
low content of micas and amphiboles 
in rocks of both series gives evidence 
of a relatively dry parental magma. 
Titanomagnetite in trachytes 
(manganoan titanian magnetite) is 
characterised by a high amount of Mn 
(up to 6.6 wt.% MnO, cf. Table 10). 
The higher contents of Ti (up to 19.9 
wt.%), Al, Cr, Mg, and V are 
characteristic, especially for 
titanomagnetites from trachybasalts, 
basanites and olivine nephelinites. 
Concentric zoning is manifested 
mostly in an increase of Ti towards 
rims, accompanied by a decrease of 
Mn, Al and Mg. 
Accessory minerals 
Accessory minerals occur 
sporadically in the rocks. Euhedral, 
partly corroded titanite occurs in the 
entire range of rocks except for 
rhyolite. For its chemical composition 
see Table 11. Needle-like apatite is a 
rare accessory and is mainly 
concentrated in the more mafic and 
intermediate rocks of the WAS. 
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Total 99.10 99.71 99.28 100.04 99.77 99.85 99.94 99.20 100.32 100.50 
Number of ions per 3 cation and 4 CO) positions 
Si 0,005 0,002 0,009 0,006 0,014 0,009 0,003 0,004 
Ti 0,258 0,309 0,297 0,258 0,399 0,446 0,376 0,431 0,434 0,371 
Al 0,018 0,020 0,022 0,027 0,059 0,054 0,057 0,056 0,119 0,147 
Cr 0,003 0,004 
Fe3+ 1,494 1,383 1,404 1,481 1,162 1,071 1,211 1,101 1,026 1,125 
Fe2+ 1,038 1,189 1,120 1,007 1,242 1,248 1,272 1,284 1,183 1,107 
Mn 0,178 0,084 0,143 0,208 0,080 0,085 0,055 0,086 0,040 0,034 
Mg 0,014 0,015 0,014 0,019 0,058 0,096 0,029 0,043 0,195 0,213 
Ca 0,002 0,008 0,003 0,001 0,005 0,028 0,004 0,004 0,003 0,003 
cation 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 
MgAl ,0 4 1,8 1,9 2,1 2,7 4,8 4,2 4,8 4,4 9,0 11,7 
MgMgTi0 4 0,5 0,4 0,3 0,5 2,3 5,4 0,1 1,2 10,3 11,2 
MnMnTi0 4 17,7 7,7 13,5 20,5 6,5 6,6 4,6 6,8 3,1 2,7 
FeFeTi0 4 33,2 49,2 42,1 29,9 56,3 57,4 58,4 60,0 52,6 45,6 
MnCr20 4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
MgCr 2 0 3 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
FeCr0 4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,3 0,3 
Fe 3 0 4 46,8 40,7 42,1 46,4 30,1 26,4 32,2 27,6 24,7 28,6 
Table 10. continued 
Sample No. Z13/1C Z13/2 P- l /1 P- l /2 Z15/1 Z15/2 • Z14/1 Z14/2 Z17/1 ZI 7/2 
Rock type BA BA BA BA ON ON ON ON MON MON 
SiO, 0,06 0,08 0,04 0,04 0,06 0,04 0,12 0,07 0,19 0,12 
T i 0 2 20,05 19,90 6,37 14,52 12,30 15,47 19,08. 20,79 23,72 22,21 
AI2O3 2,31 2,27 4,09 8,37 2,18 2,80 2,54 3,04 2,34 2,45 
Cr 2 0 3 0,15 0,17 0,23 0,15 0,74 0,70 0,71 0,32 0,44 0,37 
Fe 2 0 3 29,71 29,24 53,23 34,01 43,56 36,44 30,11 27,41 21,65 25,26 
FeO 43,27 43,20 30,16 34,66 38,32 40,50 42,36 42,30 45,62 43,64 
MnO 1,42 1,55 1,64 1,37 0,79 1,25 0,91 0,99 1,49 1,34 
MgO 3,68 3,39 3,21 5,71 2,21 2,32 3,48 4,53 3,70 4,51 
CaO 0,21 0,43 0,22 0,14 0,25 0,40 0,77 0,36 
v,o, 0,77 0,79 0,46 0,60 0,53 0,33 
Total 100,65 99,80 99,95 100,06 100.84 100,26 100,10 100,18 99,92 100.26 
Number of ions per 3 cation and 4 CO") positions 
Si 0,002 0,003 0,001 0,001 0,002 0,001 0,004 0,002 0,007 0,004 
Ti 0,538 0,541 0,173 0,378 0,336 0,423 0,520 0,557 0,644 0,596 
Al 0,097 0,096 0,173 0,340 0,093 0,119 0,108 0,127 0,098 0,102 
Cr 0,004 0,005 0,007 0,004 0,021 0,020 0,020 0,009 0,012 0,010 
Fe3+ 0,836 0,831 1,511 0,928 1,243 1,043 0,856 0,768 0,611 0,707 
Fe2+ 1,287 1,299 0,906 1,000 1,156 1,226 1,273 1,254 1,362 1,292 
Mn 0,043 0,047 0,050 0,040 0,024 0,038 0,028 0,030 0,045 0,040 
Mg 0,195 0,182 0,180 0,310 0,127 0,131 0,196 0,255 0,226 0,252 
Ca 0,000 0,000 0,008 0,016 0,009 0,005 0,010 0,015 0,029 0,014 
cation 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 3,000 
MKAI,0 4 6,7 6,6 17,4 24,6 7,9 9,2 7,5 8,5 6,2 6,7 
MgMgTi0 4 10,2 9,2 9,4 10,1 6,9 5,4 9,9 12,8 11,1 13,1 
MnMnTi0 4 3,0 3,3 5,0 2,9 2,1 2,9 1,9 2,0 2,8 2,6 
FeFeTi0 4 61,5 62,3 20,5 41,8 48,4 56,4 60,8 60,0 66,9 62,2 
MnCr20 4 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
MgCr 2 0 3 0,0 . 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0 
FeCr0 4 0,3 0,3 0,7 0,3 1,8 1,5 1,4 0,6 0,8 0,7 
Fe 3 0 4 18,4 18,2 46,9 20,3 32,9 24,5 18,3 16,0 12,2 14,7 
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Subhedral isometric grains of zircon 
are a typical accessory of trachytes and 
rhyolite. Submicroscopic crystals (20-
30 pirn in size) of rare oxide fersmanite 
(Ca,TR) (Nb,Ti)2 ( 0 , 0 H ) 6 occur in 
matrix of trachyte f rom SpiCak. The 
tentative chemical analysis (in wt.%) 
of fersmanite is as follows: Nb2Os 
(50.0), T a 2 0 5 (4.2), T i 0 2 (13.0), T h 0 2 
(2.8), U 0 2 (2.7), C e 2 0 3 (4.5), F e 2 0 3 
(2.4), M n O (1.7), CaO (18.6). 
Late magmatic and postmagmatic 
minerals 
Carbonates and sulphates are 
commonly present in the rocks. The 
younger hydrothermal calcites occur 
both in basaltic trachyandesite and in 
trachybasalt, where also complex 
carbonate of the intermediate 
composition between rhodochrosite 
and calcite was found (Table 11). 
Barite grains were identified in the 
matrix of basaltic trachyandesite 
(Table 11). 
Mn-oxyhydroxide is very 
characteristic mineral of the SpiCak 
trachyte. It occurs as an irregular 
network of subvertical veins and small 
veinlets (from 1 mm to 10 cm wide), 
vugs fillings, pseudomorphs after 
feldspars and in irregular 
impregnations copying the fluidal 
structure of the rock. In the apparently 
(by the naked eye) homogeneous 
monomineral veins the Mn-mineral 
forms only up to 10 vol.%. It cements, 
very fine crushed material (feldspars, 
quartz, clay mineral) of the host rocks. 
The Mn-mineral is probably a product 
of a younger hydrothermal 
precipitation in fissures. It represents a 
poorly crystalline, originally colloidal 
phase, most probably a mixture of Mn-
oxyhydroxides. A chemical study 
(Table 11) of the oxidation state 
(Ulrych et al., 1997) shows that Mn is 
mainly present in tetravalent form 
(8.55 wt.% from the total content of 
manganese expressed as 12.35 wt.% of 
MnO); the minor part (3.79 wt.%) 
corresponds to the trivalent form of 
Mn. 
Sulphur and organic matter were 
rarely found in the altered and 
cavernous part of the SpiCak trachyte 
as a yellow powder coating vugs 
(Ulrych et al., 1997). The sulphur 
crystallised most probably as a result 
of decomposition of gaseous volcanic 
Table 11. Representative chemical analyses of accessory and secondary minerals 
Sample No. 1'80 . 186 180 256 ' 256 255 255 
Rock type TR B T A TB 
Mineral titanite Mn-oxy barite calcite Mn- calcite 
hydroxide carbonate 
S i 0 2 29,63 31,82 
T i 0 2 36,87 36,07 0,75 
AI2O3 1,44 1,56 2,61 0,01 
F e 2 0 3 15,00 0,46 
FeO 1,44 2,02 0,77 0,24 0,49 
M n O 0,38 0,38 71.87* 0,22 0,16 31,87 0,04 
M g O 0,33 0,02 0,37 0,78 0,03 0,32 0,18 
CaO 26,92 26,93 1,68 55,48 25,04 55,20 
BaO 0,12 63,22 0,21 0,02 
N a 2 0 0,07 0,25 0,56 
K 2 0 0,08 0,03 2,24 
H 2 0 4,92 
Total 97,16 99,18 100,00 64,69 56,65 57,47 55,93 
emanations (oxidation of H2S or 
reduction of S0 2 ) . 
Nontronite occurs in numerous 
veinlets, vugs and concentrations 
around the feldspar glomerophyres 
(Melka et al., 2001) in the trachyte of 
SpiCak Hill. It forms 50-100 (im sized 
flakes, yellow-green in colour, 
occurring mixed with finely 
fragmented feldspars and goethite, 
sometimes in association with Mn-
oxyhydroxide. 
GEOCHEMISTRY 
Chemical analyses of the basanites 
and their proposed differentiates (see 
below) are presented in Table 2A, 
while olivine nephelinites, tephrites 
and trachyandesites are given in Table 
2B. Position of the rocks of both series 
is presented in the TAS diagram (Fig. 
6 ) o f L e M a i t r e e d . (1989). 
In the TAS diagram (Le Maitre, 
1989) the majority of the W Bohemian 
rocks plot in the basanite, tephrite, 
trachybasalt, basaltic trachyandesite, 
trachyandesite, trachyte, and rhyolite 
fields (Fig. 6). Three samples (Lysina, 
Polom, Cihana) plot as alkali-basalts 
because they contain numerous 
microxenoliths of the surrounding 
granitic rocks. Their mineral 
composition indicates that their 
original bulk chemistry was more 
+ o 
a 
3 0 4 0 5 0 60 7 0 80 
SiO? 
Fig. 6. Rocks of the weakly and strongly alkaline series associated with the Cheb-
Domazlice Graben plotted in TAS diagram (Le Maitre ed. 1989). Symbols as in Fig. 1. 
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undersaturated in silica. Although most of the mafic rocks plot 
in the basanite field, they vary significantly in modal 
composition (see mineralogy section), which was used to 
distinguish olivine nephelinites and basanites. 
In terms of N a 2 0 and K 2 0 most of the rocks belong to the 
potassic series: potassic trachybasalt - shoshonite - latite -
trachyte - rhyolite (classification of Le Maitre, 1989); see Fig. 
6. The rare rock samples represented only by hawaiite (flow at 
Zbraslavsky vrch Hill) and latite (agglutinate in a feeding 
channel of Treboufisky vrch Hill) are members of sodic series 
in the same classification. 
In comparison to Siebengebirge (Vieten et al., 1988) and 
Cantal, Massif Central (Wilson et al., 1995), the volcanic rocks 
of W Bohemia reveal a similar extent of fractionation, but at a 
lower level of alkalinity (cf. Fig. 2 in Pivec et al., in press). 
The rhyolite from the laccolith of StSnsky vrch Hill with a 
gneissic roof reveals some stoping features, suggesting 
contamination of the magma by the host rock (cf. Ulrych et al., 
2000b). 
According to TAS and Harker 's diagrams, trachybasalts, 
trachyandesite and trachytes can be considered as 
representatives of the Weakly Alkaline Series (WAS) series. 
This series corresponds to that f rom the Cantal, Massif Central 
(Wilson et al., 1995). In Cantal, a Strongly Alkaline Series 
(SAS) has also been recognised. Initially, a similar series, 
composed of olivine nephelinite-tephrite-phonolite was 
thought to exist in W Bohemia, but the two large phonolite 
bodies considered to represent the felsic end of this series 
proved to belong to an older series (26-31 Ma) characteristic 
of Doupovske hory Mts. (Ulrych et al., in press a). However, 
strongly alkaline volcanism is definitely represented in W 
Bohemia by the (olivine) nephelinites. Thus, analogous to 
Cantal, both weakly and strongly alkaline rocks are present. 
The WAS shows no evidence of commonly recognized 
crustal assimilation in trachytic and rhyolitic rocks (cf. Wilson 
et al., 1995). They have relatively stable ratios of incompatible 
elements (Ulrych et al., in press b) that have not been 
significantly affected by crustal assimilation. 
DISCUSSION AND CONCLUSIONS 
The volcanism in W Bohemia is genetically associated 
with the uplift of NE-flank of the CDG. Two 
contemporaneous series were recognised there: 
WAS: basanite - trachybasalt - (basaltic) trachyandesite -
trachyte - rhyolite, 
SAS: (melilite-bearing) olivine nephelinite - tephrite. 
The contemporaneous rock series represents products of 
the Middle to Late Miocene episode, which is part of the 
continuous Cenozoic volcanic activity in the Bohemian Massif 
(Ulrych et al., 1999). Despite the similar age of both series, 
their initial magmas differ in degree of partial melting of the 
mantle source. Initial nephelinitic magma was formed by a 
lower degree of partial melting than the basanitic magma. 
The age of the volcanism associated with the C D G 
coincides with the Late Miocene intrusions in the Ceske 
stredohofi Mts. (13-9 Ma; Cajz et al., 1999), young volcanism 
in Germany (11-6 Ma; Lippolt, 1983) and with the time of the 
tectonic event (Downes, 1996) causing principal changes in 
chemical composition of volcanism in Carpathians. 
Initial parent magmas (nephelinitic and basanitic) probably 
formed by different degrees of partial melting of 
metasomatised mantle lithosphere, with amphibole, olivine, 
garnet and clinopyroxene in residuum. Metasomatised mantle 
lithosphere has also been reported as a likely source of 
primitive alkaline magma from other parts of the Bohemian 
Cenozoic Volcanic Province (Svobodova and Ulrych, in 
press). The mantle source was enriched in incompatible 
elements compared to PM. Geochemical similarity of the 
rocks to OIB points to mantle metasomatism associated with 
plume-material. 
The chemistry of the minerals characteristically reflects the 
differentiation development of the above rock series. Minerals 
of the differentiation series can be classified to: 
1. The early magmatic crystallization 
- Olivine phenocrysts (Fo66-76)> melilite, Ti-magnetite and 
(Ti,Fe3+)-diopside to fassaite in the mafic rocks, 
- (Mn,Ti)-magnetite, diopside and high-temperature K-
oligoclase (cores to anorthoclase phenocrysts) characterise the 
felsic rocks. 
2. The continuous to late magmatic crystallization 
- Kaersutite phenocrysts, nepheline at temperatures < 700°C 
(together with melilite in ijolite pegmatoidal segregations) and 
crystallization of labradorite-andesite series are characteristic 
of the mafic rocks, 
- Andesine, sometimes with K-andesine to K-oligoclase rims 
and problematic olivine in tephritic rock (Fo49.52) are typical of 
transitional types; 
- Mn-magnesioriebeckite, Mn-winchite, Mg-biotites and 
anorthoclase perthite (occasionally with K-oligoclase cores 
and/or Na-sanidine rims) represent the felsic rocks; Na-
sanidine and quartz in the matrix of the felsic rocks terminate 
the crystallization. 
3. Late magmatic to postmagmatic crystallization 
- Analcimes replacing plagioclases and nepheline, carbonates 
of calcite-rhodochrosite series and barite are products of the 
late magmatic stage in the mafic rocks, 
- The presence of Mn-oxyhydroxide, nontronite, rare sulphur 
and organic matter in the felsic rocks reflects the 
postmagmatic stage. 
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